ABSTRACT: Sixty male and 60 female crossbred pigs were allocated to an experiment to investigate the effects of porcine somatotropin (pST) administration (0 or 6 mg/d) and dietary lysine content on growth performance, tissue deposition, and carcass characteristics over the live weight range of 80 to 120 kg. Pigs receiving pST were given diets containing 6.9, 7.8, 8.8, 9.7, 10.6, or 11.5 g lysine/kg, whereas control pigs received diets containing 4. 8, 5.8, 6.9, 7.8, 8.8 or 9.7 g lysine/kg. These dietary levels ranged from 0.40 to 0.70 g available lysine/MJ of DE for pST-treated pigs and from 0.28 to 0.58 g available lysine/MJ of DE for control pigs. Pigs were individually housed in pens, and there were five replicates of each treatment. All diets contained 14.5 MJ of DE/kg and were offered for ad libitum consumption to pigs between 80 and 120 kg live weight. Growth rate increased exponentially and food conversion ratio (FCR) decreased exponentially with increasing levels of lysine. In addition, there was a significant sex × pST interaction such that pST reduced the sex difference in
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FCR. Growth rate was faster in boars than in gilts and was increased by pST at the higher levels of dietary lysine. Similarly, FCR was lower for boars than for gilts and was decreased by pST at the higher dietary lysine levels. The optimum growth rate and FCR were defined as the lysine level at which growth rate and FCR were 95% and 105%, respectively, of the lysine plateau. The optimum growth rate and FCR were achieved at similar dietary lysine contents and were approximately 0.35 and 0.52 g available lysine/MJ of DE for control and pST-treated pigs, respectively. Protein deposition in the carcass increased exponentially with increasing dietary lysine level, was higher in boars than in gilts, and was increased by pST at the higher dietary lysine contents. Sex had no effect on dietary lysine required to maximize protein deposition. The dietary lysine contents required to ensure 95% of plateau protein deposition of 104 and 153 g/d were 0.39 and 0.55 g available lysine/MJ of DE for control and pST-treated pigs, respectively. The increase in lysine requirement with pST seems to be commensurate with the increase in protein deposition.
growing period up to about 90 kg live weight. Recently, NRC (1998) estimated that the minimum total lysine requirement for improved genetic strains was an average of 6.5 g/kg for pigs between 80 and 120 kg live weight. Furthermore, recent studies indicate that the pig's upper limit to protein deposition may not be reached until approximately 80 to 90 kg live weight (Campbell and Taverner, 1988; Rao and McCracken, 1991; Bikker, 1994) . Precise information is limited on developmental changes in protein deposition and, consequently, on dietary amino acid and protein requirements above 100 kg live weight.
A technology that has recently been approved for use in the Australian pig industry to improve growth performance is porcine somatototropin (pST). Although pST is effective during the growing phase, pigs exhibit their greatest response to pST in the finishing phase, during which time pigs treated with pST typically grow 25% faster and use feed 35% more efficiently (Campbell et al., 1989 (Campbell et al., , 1990a . However, there is still some debate as to whether pST increases the efficiency of use of dietary amino acids (Campbell et al., 1990b) or increases the lysine requirement of pigs (Campbell et al., 1991) .
The aims of this study were to determine the responses of pigs between 80 and 120 kg live weight to dietary lysine intake and to provide a more accurate assessment of the amino acid requirements in heavy pigs. The impact of exogenous pST on lysine requirements was also assessed.
Materials and Methods

Animals and Treatments
Ethics approval for this experiment was given by the Animal Ethics Committee of Victorian Institute of Animal Science. Sixty-five male and 65 female crossbred pigs were used in this experiment. Five pigs of each sex were killed at 80 kg live weight to provide representative information on initial body composition. The remaining 120 pigs were allocated at 80 kg live weight to a factorial arrangement involving two sexes, two levels of daily pST injection (0 and 6 mg/d), and six dietary protein treatments. The pST was recombinant-derived and was supplied by Alpharma Animal Health Pty. Ltd., Melbourne, Australia. Pigs received an injection of 6 mg of pST dissolved in sterile water at 12.0 mg/ mL, or an equivalent volume of sterile water, in the extensor muscle of the neck at 0800 daily. The experimental diets were offered for ad libitum consumption and were formulated to contain similar amounts of DE, but total lysine and available lysine:energy ratios ranged from 4.8 to 9.7 g/kg and 0.28 to 0.58 g/MJ of DE and from 6.9 to 11.5 g/kg and 0.40 to 0.70 g/MJ of DE (Table 1) for the control and pST-treated pigs, respectively. The available lysine content of the diets was calculated from estimates of lysine availability provided by SCA (1987) for the individual ingredients in each diet. The ratios of other essential amino acids to lysine were in excess of the ratios suggested by SCA (1987) and the respective minimum percentages in the experimental diets were methionine, 32%; methionine + cystine, 69%; threonine, 73%; tryptophan, 21%; isoleucine, 72%; leucine, 138%; valine, 94%; phenylalanine + tyrosine, 150%; and histidine, 49%.
Management and Measurement
Pigs were individually housed in pens in an insulated building and pigs were weighed each week at 0800. As pigs approached 120 kg live weight, they were weighed every 2nd d and were slaughtered after a 24-h period of feed withdrawal after they reached a live weight of ≥ 118.5 kg. Immediately after slaughter, the viscera, head, and feet of each carcass were removed and discarded. The fat thickness over the muscle at the P 2 position (65 mm from the midline) was measured at the level of the last rib using a Hennessy Grading probe.
The carcass was split longitudinally after being hung overnight at 4°C, and linear fat measurements were made along the midline over the shoulder where maximum fat cover occurred, at the level of the last rib, and where minimum fat cover occurred over the rump. The right half of each carcass was cut transversely at the level of the last rib, and the area of the longissimus muscle was measured. A sample of longissimus muscle measuring approximately 2 cm in diameter and 3 cm in length was taken for the measurement of drip loss. This muscle core was weighed, suspended inside an inflated and closed plastic bag, and allowed to hang for 48 h at 2°C before it was reweighed. Drip loss was determined by difference. Samples (∼ 100 g) of belly fat were taken and stored at −20°C before subsequent analysis for androstenone and skatole by HPLC as described by Hansen-Moller (1994) . The remaining halfcarcass was frozen at −20°C.
The frozen half-carcass was ground and analyzed for dry matter, ash, and protein content by the methods of Campbell et al. (1985) . Dry matter was determined in triplicate in an oven at 85°C. The samples were then freeze-dried and ash content was determined in a muffle furnace at 600°C. Protein was determined by Kjeldahl analysis (AOAC, 1984) and fat content was calculated by difference. The final composition of the carcass (less head and feet) was adjusted for the amount of lean and fat tissue removed for drip loss and androstenone and skatole analysis, respectively.
Statistical Analysis
Preliminary examination of the data indicated that the treatment responses to lysine with or without pST were approximately exponential, of the form y = A + Bؒexp(−kؒlys), with A and k greater than 0, and lys indicating the level of lysine. The factorial analyses of variance were carried out to elicit these exponential responses and their interaction with pST and the general interactions of lysine with sex (Analysis 1, Table  2 ). Preliminary examination also revealed that there was a very large decrease in feed intake and some other measurements for the pST-treated gilts fed the diet containing 11.5 g lysine/kg that could not be explained by an exponential response to lysine. Thus, the analyses of variance were modified to isolate the effect of the gilts given the diet containing 11.5 g lysine/kg as in Analysis 2 (Table 2) . For measurements for which Analysis 1 outlined in Table 2 was used, effects and responses to lysine and their interaction with pST were obtained from analysis of fitted lysine × pST combination means. This procedure was modified for the alternative Analysis 2 (Table 2) by obtaining predicted means for each pST × lysine adjusted with equal marginality for the main effect of sex, and with the main effect of sex estimated from the data excluding observa- tions with 11.5 g lysine/kg. The observations with 11.5 g lysine/kg had no information on the general sex effect once the 11.5-g lysine/kg gilts had been isolated. Equal marginality for sex was used because it was thought natural to adjust for sexes equally rather than in proportion to their occurrence in the data after isolating the 11.5-g lysine/kg gilts. When obtaining lysine response effects and curves, the predicted means were then weighted according to the inverse of the standard error of the predicted means. This weighting takes into account that the predicted pST × lysine means, after isolating the 11.5-g lysine/kg gilts, did not all have equal precision.
The mean for the 11.5-g lysine/kg gilts was calculated for appropriate measurements, after adjusting with equal marginality for sex and with the sex effect calculated from diets with lysine levels other than 11.5 g lysine/kg. This removes any general sex effect bias when comparing the 11.5-g lysine/kg gilts with the lysine × pST predicted means and response curves.
After isolating the 11.5-g lysine/kg gilt treatment where necessary, there was no evidence of deviations from exponential curves (P > 0.05) or of separate nonlinearity (P > 0.05) between pST levels. This implies that the k parameter in the response curves can be considered to be the same with pST administration as without pST administration for each measurement. With every measurement there was a statistically significant lysine exponential response and a statistically significant pST effect after adjusting for an overall lysine exponential response. For most measurements these levels of significance were extremely small and much less than P = 0.001. The majority of measurements also had statistically significant separate linear effects (i.e., the B parameter was different for pST-treated pigs than for untreated pigs). Thus, the pST × lysine predicted means were fitted to exponential response curves of the form Y = A + B × exp (−kؒlys) with separate A and B parameters for pST-treated and untreated pigs, but with the same k parameter. These curves were fitted by a nonlinear regression computer procedure (Genstat 5.0, Lawes Agricultural Trust, Rothamsted, The Netherlands) that allows a grouping factor. In this case the grouping factor is with or without pST. As well as point estimates for the A, B, and k parameters, the variance covariance matrix of these estimates was obtained from the procedure. The variance covariance matrix was scaled so that the estimate of residual error used was that obtained from the overall analysis of variance.
The values of the fitted model tend toward the value of A for large values of lysine. Thus, the value of A is defined as the high-lysine plateau and is tabulated for each measurement and with and without administration of pST. The critical level is defined as the lysine level at which the measurement is either 95% (for ascending curves) or 105% (for descending curves) of the high-lysine plateau. The critical level is a reasonable indicator of the lysine level above which there is only minor change in predicted response to changing lysine. The critical level (C) was calculated using the following formula:
Using the method of statistical differentials (Kotz and Johnson, 1988 ) the standard error (SE) of C was analytically calculated as
where, for instance, σ 2 A is the variance of the estimate of A and σ AB is the covariance of the estimates of A and B.
Data for drip loss in longissimus muscle and skatole and androstenone contents of fat samples were skewed and appropriate transformations were conducted to reduce the skewdness of the residuals in the data before statistical analysis.
Results
The initial group of five male and five female pigs was slaughtered at 79.8 and 80.0 kg live weight and the resultant carcasses weighed 51.6 and 54.2 kg, respectively. The carcass composition of the initial slaughter groups was 180.0 and 163.5 g CP/kg, 162.2 and 236.0 g fat/kg, 627.0 and 569.9 g water/kg, and 30.8 and 30.6 g ash/kg for male and female pigs, respectively.
At the highest lysine intake, gilts administered pST had an approximately 25% lower average feed intake than pST-treated gilts fed slightly lower levels of lysine (Table 3 ). This effect was reflected in the ADG, which also decreased by approximately 25% (Table 3) . However, the effect was not apparent when feed intake and ADG were combined into a feed conversion ratio (FCR). The rate of fat deposition and the fat content of the carcass of the gilts receiving a 0.70 g available lysine/ MJ of DE plus pST were also very low, to the extent that there was fat catabolism during the experiment (Table 3 ). The effects of these gilts having reduced intake were not reflected in protein, water, or ash deposition or content or in standard carcass fat measurements.
Other than for the pST-treated gilts fed the highest lysine diet, the differences in responses to lysine for males vs females were very small compared to the overall effect of lysine and the differences in lysine responses with or without pST. Although there were some statistically significant interactions between lysine × sex and lysine × pST × sex, they were difficult to inter- pret and were mostly associated with short-tailed residual errors, as evidenced by half-normal residual plots (Draper and Smith, 1981) . These short tails make statistical testing somewhat oversensitive, and hence caution needs to be applied when interpreting effects that are marginally significant. Thus, these small interactions are most likely caused by residual variability and are not discussed further.
Average daily gain increased exponentially with increasing level of lysine across the levels of lysine investigated (Table 3; Figure 1a ). Average daily gain was higher in males than in females (Table 4) and was increased by pST at the higher levels of dietary lysine (Table 5 ; Figure 1a ). The responses of feed intake to dietary lysine were different for the control and pSTtreated pigs. For the control pigs, feed intake decreased exponentially with dietary lysine, whereas for the pSTtreated pigs, feed intake increased exponentially with dietary lysine (Figure 1b ). Boars and gilts had similar feed intakes (Table 4) , whereas pST decreased feed intake at higher dietary lysine contents (Table 5 ). The FCR decreased exponentially with increasing dietary lysine content (Table 3, Figure 1c ). Feed conversion ratio was lower for boars than for gilts (Table 4) and was decreased by pST at higher dietary lysine contents (Table 5) . Across the common lysine contents (6.9 to 9.7 g lysine/kg), there was a significant sex × pST interaction (P = 0.038) such that pST reduced the sex differ- Figure 1 . Relationship between (a) rate of gain, (b) feed intake, (c) feed conversion ratio, and (d) P 2 backfat and dietary available lysine content. ᭹ = control; ᭺ = pST-treated pigs. (a) For rate of gain, the responses are exponential (P < 0.001), with separate intercepts (P = 0.018) and separate linear parameters (P < 0.001) for the control and pST pigs. (b) For feed intake, the responses are exponential (P < 0.001), with separate intercepts (P < 0.001) and separate linear parameters (P < 0.001) for the control and pST pigs. (c) For feed conversion ratio, the responses are exponential (P < 0.001), with separate intercepts (P < 0.001) and separate linear parameters (P = 0.002) for the control and pST pigs. (d) For P 2 fat, the responses are exponential (P < 0.001) with separate intercepts (P < 0.001) but not separate linear parameters (P = 0.076) for the control and pST pigs. Data are pooled across sex groups. ences in FCR (Table 4 ). There was no significant lysine × sex interactions, indicating that sex had no effect on the lysine content that maximized protein deposition, and so data were pooled across sex groups to determine lysine requirements (Table 5 ). The critical values for ADG and FCR were achieved at similar dietary lysine content and were at approximately 0.35 and 0.52 g available lysine/MJ of DE for control and pST-treated pigs, respectively (Table 5) .
Protein deposition increased exponentially with increasing dietary lysine level (Table 3, Figure 2a ). Protein deposition was greater for boars than for gilts (Ta- Only uses information from common lysine levels between 6.9 and 9.7 g lysine/kg. e Excludes gilts fed 11.5 g lysine/kg (see text for details).
ble 4) and was increased by pST at higher dietary lysine concentrations (Table 5 ). There was no significant lysine × sex interaction, indicating that sex had no effect on the lysine content that maximized protein deposition, and so data were pooled across sex groups to detemine lysine requirements (Figure 2a ). The dietary lysine contents required to ensure 95% of plateau protein deposition of 104 and 153 g/d were 0.39 and 0.55 g available lysine/MJ of DE for control and pST-treated pigs, respectively (Table 5, Figure 2a ). Fat deposition decreased with increasing dietary lysine content (Table  3 ; Figure 2b ), was similar for boars and gilts, and was decreased by pST at higher dietary lysine concentrations (Table 5 ). However, across the common lysine concentrations there was a significant sex × pST interaction (P = 0.016), such that control boars deposited more fat than gilts, whereas pST-treated boars deposited less fat than gilts (Table 4) . Water deposition increased exponentially with dietary lysine content (Table 3; Figure  2c ) and was greater for boars than for gilts (Table 4) . Water deposition was increased by pST at higher dietary lysine concentrations (Table 5) . Ash deposition increased exponentially with dietary lysine content (Ta- The critical level is defined as the lysine level at which the measurement is either 95% (for ascending responses) or 105% (for descending responses) of the high lysine response plateau (see text for details). b Excludes gilts fed 11.5 g lysine/kg (see text for details). ble 3; Figure 2d ), was similar for boars and gilts (Table  4) , and was increased by pST treatment (Table 5 ).
There was no significant effect of dietary lysine on carcass dressing percentage (Table 6 ). Dressing percentage was lower for boars than for gilts (Table 7) and was decreased by pST at the higher dietary lysine concentrations (Table 8 ). The protein content of the carcass increased exponentially with increasing dietary lysine level (Table 6 ). Carcass protein content was greater for boars than for gilts (Table 7) and was increased by pST at higher dietary lysine concentrations (Table 8) . Across the common lysine concentrations, there was a significant sex × pST interaction (P = 0.011) such that pST reduced the sex differences in carcass protein content (Table 7) . Carcass fat content decreased exponentially with increasing dietary lysine content (Table 6) , was lower for boars than for gilts (Table 7) , and was decreased by pST (Table 8 ). There was a significant sex × pST interaction (P = 0.004) such that pST reduced the sex differences in carcass fat content (Table  7) . Carcass water content increased exponentially with dietary lysine content, was greater for boars than for gilts, and was increased by pST. There was a significant Figure 2 . Relationship between (a) protein deposition, (b) fat deposition, (c) water deposition, and (d) ash deposition in the carcass and dietary available lysine content. ᭹ = control; ᭺ = pST-treated pigs. (a) For protein deposition, the responses are exponential (P < 0.001), with separate intercepts (P < 0.001) and separate linear parameters (P < 0.001) for the control and pST pigs. (b) For fat deposition, the responses are exponential (P < 0.001) with separate intercepts (P < 0.001) but not separate linear parameters (P = 0.190) for the control and pST pigs. (c) For water deposition, the responses are exponential (P < 0.001), with separate intercepts (P < 0.001) and separate linear parameters (P < 0.001) for the control and pST pigs. (d) For ash deposition, the responses are exponential (P < 0.001), with separate intercepts (P = 0.002) and separate linear parameters (P = 0.032) for the control and pST pigs. Data are pooled across sex groups.
sex × pST interaction (P = 0.009) such that pST also reduced the sex differences in carcass water content (Table 7) . Carcass ash content increased exponentially with dietary lysine content, was similar for boars and for gilts, and was increased by pST.
The responses of the various measures of backfat thickness to dietary lysine, sex, and pST were similar (Table 6 ). The commercially important measure is backfat at the P 2 site, and the response to dietary lysine was best described by an exponential function ( Figure  1d ). Backfat at the P 2 site was lower for boars than for gilts (Table 7) and was decreased by pST at higher dietary lysine concentrations (Table 8 ). The dietary lysine concentrations required to ensure 105% of plateau P 2 of 14.3 and 11.4 were 0.33 and 0.47 g available lysine/ MJ of DE for control and pST-treated pigs, respectively (Table 8, Figure 1d ). Another important measure of fat depth is fat over the rump, and again the response to lysine was best described by an exponential function. Rump fat was lower for boars than for gilts (Table 7) and was decreased by pST at higher dietary lysine concentrations (Table 8 ). The dietary lysine concentrations Where two values are given, first is for pigs without pST and second is for pigs with pST. Only uses information from common lysine levels between 6.9 and 9.7 g lysine/kg.
required to ensure 105% of plateau rump fat of 18.8 and 14.7 mm were 0.34 and 0.50 g available lysine/MJ of DE for control and pST-treated pigs, respectively (Table 8, Figure 1d ). There were no significant effects of dietary lysine, sex, or pST on drip loss of the longissimus muscle (Table  9 ). There was no effect of dietary lysine on fat skatole levels, but fat skatole was higher in boars than in gilts (Table 10 ) and was not altered by pST (Table 10 ). There were no effects of lysine or pST on androstenone content of fat (Table 9) . Furthermore, there were no significant sex × pST interactions across the common lysine contents for any measures of meat and fat quality (Table  10) .
Discussion
The principal objective of this experiment was to establish the dietary protein and lysine requirements of boars and gilts growing between 80 and 120 kg live weight. In addition, the effects of pST on lysine require- The critical level is defined as the lysine level at which the measurement is either 95% (for ascending responses) or 105% (for descending responses) of the high lysine response plateau (see text for details). ments were also investigated. Somewhat surprisingly, there were relatively few interactions between sex and dietary lysine content, suggesting that there was no discernible difference in the lysine requirements of boars and gilts, at least for the economically and biologically important traits. However, lysine requirements were increased by pST. Thus, the levels of dietary lysine required to maximize protein deposition in control and pST-treated pigs were 0.39 and 0.55 g available lysine/ MJ of DE, respectively. These levels are equivalent to 5.7 and 8.0 g available lysine/kg or 6.7 and 9.2 g total lysine/kg, respectively.
Data describing the dietary protein and lysine requirements for pigs > 100 kg live weight have been scarce until recent years. Loughmiller et al. (1998) demonstrated that terminal market gilts required no more than 6 g total lysine/kg between 91 and 113 kg live weight to optimize growth performance and carcass characteristics. This estimate was similar to that of Manini et al. (1997) , who reported that for maximum protein retention, pigs at 100 kg live weight required Data were transformed by taking log10 (androstenone) before analyses. Units before transformation were g/g. Only samples from boars were analyzed.
5.5 g digestible lysine/kg or 6.4 g total lysine/kg. Earlier, Hahn et al. (1995) established that barrows and gilts required dietary levels of 0.50 and 0.53 g digestible lysine/kg, respectively, to maximize lean tissue gain between 90 and 110 kg live weight. More recently, Lorschy et al. (1998) used the two-slope linear model to calculate the lysine requirement between 75 and 120 kg live weight and found that barrows and gilts required only 0.30 and 0.36 g ileally digestible lysine/ MJ of DE, respectively, for maximal protein deposition. These levels are equivalent to 0.41 and 0.49 g digestible lysine/kg or 0.48 and 0.58 g total lysine/kg. The lysine requirement of intact males and females between 60 and 90 kg was reported as 0.55 g available lysine/kg by SCA (1987) . However, it is apparent from the results of this experiment and from other recent data that boars Only uses information from common lysine levels between 6.9 and 9.7 g lysine/kg. and gilts of an improved genetic strain require no more than approximately 0.40 g available lysine/MJ of DE for maximum protein deposition between 80 and 120 kg live weight. Furthermore, despite differences in protein deposition rates between the sexes, boars and gilts had similar dietary lysine requirements, suggesting that boars use dietary lysine more efficiently than do gilts (Kyriazakis and Emmans,1992) .
Very few researchers have measured the effects of dietary lysine and pST on protein deposition in heavy pigs. In one such study, Johnston et al. (1993) offered diets ranging from 8 to 14 g lysine/kg to barrows treated with pST (4 mg/d) over the live weight ranges of 59 to 105 kg and 105 to 127 kg. Increasing dietary lysine increased protein deposition in a quadratic manner (P = 0.08) between 59 and 105 kg and linearly (P < 0.01) between 105 and 127 kg. Although the effects of lysine on protein deposition were relatively small, which may have hindered curve fitting, there was sufficient evidence for these authors to conclude that the lysine requirement for pST-treated pigs was approximately 10 to 12 g/kg. Hansen et al. (1994) conducted a nitrogen balance study in pigs over the live weight range of 63 to 99 kg and concluded that the lysine requirement of pigs injected with 4 mg pST/d was 12 g/kg. A difficulty with interpretation of this study was that the levels of dietary lysine were in 4 g/kg increments between 8 and 20 g/kg, making it hard to interpolate between 8 and 12 g lysine/kg. Over the live weight range of 57 to 103 kg, Goodband et al. (1993) found that most growth performance measures were optimized at between 10 and 12 g lysine/kg in pigs treated with 4 mg pST/d, whereas for pigs treated with 8 mg pST/d, pig performance continued to improve up to 14 g lysine/kg. In an earlier study with a wider range of lysine contents, these researchers found that rate of gain was optimized between 10 and 12 g lysine/kg (Goodband et al., 1990) . Although our estimate of lysine requirement (∼9 g/kg) is at the lower end of those cited above, it should be borne in mind that because of the exponential nature of the response curves we have defined the requirements as being the level of lysine that provides a rate of protein deposition that is 95% of plateau. Therefore, it seems that in improved genetic strains with a high capacity for protein deposition, the lysine requirement for pigs treated with the approved dose of pST is approximately 0.55 g available lysine/MJ of DE (∼9 g lysine/ kg).
Because there is relatively little effect of pST on protein digestibility (Verstegen et al., 1990) , the increased protein deposition observed in pST-treated pigs must be due to an increase in the efficiency of use of dietary protein and(or) to an increase in the requirement of dietary protein to support the increased protein deposition. Campbell et al. (1990b) found that the difference in the estimated protein requirement for control and pST-treated pigs between 30 and 60 kg live weight was relatively small and suggested that pST may improve the efficiency of dietary amino acid utilization. However, the effect of pST on maximal protein accretion is also relatively small in pigs treated between 30 and 60 kg live weight. The question of whether pST increases the efficiency of amino acid utilization is better examined in heavier pigs in which there is a greater relative increase in protein accretion in response to pST administration. Campbell et al. (1991) found that there was no change in the efficiency of use of dietary protein in pST-treated boars, but that the dietary protein and lysine requirements increased from 106 to 181 g/kg and from 6.9 to 11.6 g/kg, respectively, to support an increase in protein deposition from 119 to 215 g/d over the live weight range of 60 to 90 kg. However, the results of another experiment suggested that the efficiency of use of dietary lysine was increased in barrows and gilts treated with pST (Krick et al., 1990) . Thus, lysine requirements to maximize protein deposition were similar, being 23.4 and 24.0 g lysine/d for control and pST-treated pigs, respectively. Lee et al. (1999) found that pST improved the efficiency with which absorbed nitrogen was used for protein deposition by approximately 10% in gilts of 65 to 80 kg live weight. However, it is less clear whether pST improves the partial efficiency of amino acid use in heavy intact male pigs in which the efficiency level is likely to be at the "physiological" maximum for practical diets (Lee et al., 1999) .
It was anticipated that the present study would resolve the question of whether pST increased efficiency of use of dietary lysine and(or) the lysine requirements of genetically improved heavy pigs. However, interpretation of the response of protein deposition to dietary lysine was compromised by the variability in protein deposition rates over the upper regions of the curves and the low number of diets over the steeply ascending portion of the curves. The reason for this occurrence was that lysine requirements in the present study were lower than anticipated for an improved genetic strain. Consequently, only two or three diets were at the lower end of the range of experimental diets at which dietary lysine was limiting protein deposition. Campbell et al. (1991) experienced similar problems in describing the response of boars given exogenous pST between 60 and 90 kg live weight to dietary ideal protein. However, what is clear is that pST increased the lysine requirement of heavy pigs and that this increase in lysine requirement seemed to be commensurate with the increase in protein deposition. In other words, a 47% (from 99 to 145 g/d) increase in protein deposition was associated with a 43% (from 0.39 to 0.55 g available lysine/MJ of DE) increase in lysine requirements during pST treatment. There is no evidence that there was any change in the efficiency of dietary lysine use.
The levels of androstenone and skatole in the belly fat of pigs were unaffected by dietary lysine. These data indicate that 53% of boars had levels of androstenone > 0.5 g/g, 17% had levels of skatole > 0.2 g/g and only 9% of male pigs had levels of both androstenone and skatole in excess of the threshold levels of 0.5 g/g and 0.2 g/g, respectively. These levels are comparable to the results of other studies with lighter pigs. Salvatore et al. (1995) found that for boars up to 140 kg live weight, approximately 60 and 13% of carcasses had androstenone and skatole levels above the threshold levels of 0.5 g/g and 0.2 g/g, respectively, which are similar to the levels we found in fat samples. The incidence of taint compounds in fat can vary quite widely depending on age, live weight, genetic strain, feeding, and housing conditions (Bonneau, 1997) . In boars from various piggeries slaughtered between 85 and 110 kg live weight, Hennessy et al. (1997) reported that between 8 and 43% of boars had skatole levels above the threshold, and the range that had high androstenone concentrations (> 1.0 g/g) was between 10 and 56%. Although the levels of both androstenone and skatole in fat from intact males in these experiments were relatively low for their body weight, the incidence of taint compounds in these pigs may limit the subsequent use of meat from these carcasses.
Implications
The dietary lysine requirements for intact males and female pigs grown from 80 to 120 kg live weight were similar and no greater than approximately 0.39 g available lysine /MJ of DE. With pST treatment, the lysine requirement is increased to 0.55 g available lysine/MJ of DE. The feed efficiency and carcass fat of males, and to a lesser extent of females, were in line with those generally accepted for pigs slaughtered at 90 to 100 kg, suggesting that modern genetic strains can be grown to 120 kg live weight without compromising efficiency of production or carcass quality. However, protein deposition and carcass quality can be further enhanced by pST treatment. Finally, intact males accumulate androstenone and skatole in their fatty tissue, and the incidence of these taint compounds, albeit relatively low in these experiments, may limit the subsequent use of meat from the carcasses of boars slaughtered at 120 kg live weight.
